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£BSTRACT

4 setraple ali-clectronic long-delay tiinier is described. The
timer i3 ascttable in five-minute increments from five minutes to forcy~
nine (curs fifty-five minutes, At the ¢nd cg i zet-:n time a silicon
controlled rec*ifier is latched on that 18 capauble or delivering ¢ amp
at 4 v. The time rer.uinina to fire may be read out \pon command 23
any titne. Lre time bage i¢c a2 1¢0,1 cps unijuactior transgisior oscil-
laicr. f.ountdown .s by maguaetic core sh.ft regisierss, The total
volurae for the timer aud its 100-hr power ~upgiy is 35 in

1.  INTROFYCTION

The electronic leng--eliy titner described herein was designed
and built at DOFL: to mect thz following specifications;

{a) Provide an zlectrical ouip:at of 2 amp at o v at the end of a
predetermined time,

(b) Be settable in5-mir increments frem 5 mia tu 4€ hr 35 min,

() Be capablt of being reset,

{d) Have a provigior for readout of any »nexpired portion of th«
preset time,

re) Contain its own powear sapply capable of 1C0-hr cperation.
(f) Bzve a volunir: of 35 in3. orJecs,

(g7 Be capable of operation in any orieutaticn,

{h) Operatc over the tomperature range - 55°F to +160°F.,

(i) Have 2 minimura timing ascuracy of #] percent and a pre-
terred timing accuracy of #0,1 percent,

(j) Be incapable of being set below 5 min,

A Llock diagram of the system is shown in figure 1. The system
consizgts of 3 100.1-cps unijunction transistor oscillato~ followed by
a core &river that drives four magnetic core shift registers in paral-
lel, 7he four shilt registers contain ii, i3, 1% and 15 stages.

The output ol thes: shift registers fzeds 1nto a megnetic AND
circuit. The AND circuit has an output once every 30, 030 oscillator
pulses and thus gives out an output pulse once every 5 min, A
monitor circuit i3 included to indicale aperation of the oacillator
when the unit ir timing. 7he input to the monitor is laken from the
AN:2 core following the ll- and 13-stage shiit registers. The blinking

» S
S ¥ LY

.« g1
. .

. o
& -
C‘Q‘: N
e -

¢ L)
5]

(I )

. . 9

-

LX)

% R
“3 W
K .

R
oty -
~ & ..

S el
. ¥

’. e
o '
\".o &

& 4

M Cite
N r i

]
)
’ .

2 .
vty S

A B

KN D

. S
«

" -

LY
.o pe

’0

%

»
ove
' "‘
¥ ot

® P




aeId) 4§ ‘qeg ‘awe ()
SUINUTH SINOH &Iy

J9MEY ARTIP BuOT OFNOIIIT(A Jo mwaBwyp NOOIR Y IINBIY

—
PO B S PR m

ot !
3TRIAXYD - M
*avsEs OO @ |
wcwee wd
%%.&w J.am:m._ ‘_ Rt s
= B lotng ¢ {_ a0 § 01 .Bm&.l | 830
<€
v
LWSE& pRET—
. i
bbb
; )
i P .
! < !
! b
! i
) R
] . “ [ — ods ﬂ.gﬂ
H o peatag| o | asgerion
i . *30p IRBTRTIY)
1 P I e Ramiug
¥ <
+ |
]
| \
' <
' - '
i )

b = - R ) SR asp TR T T

Gl ! e smemmaee FONYy e - . . -




G -

N

AH0

vate of the monitor light is 1.43 sec per px-off cycle. The rate may be
Lsed as a rough check of tae oscillater freouency (10 tlinking cycles in
i4.3 zec).

The output of the magnetic core AND czircuit feeds three serial
driver-shift-reg.stes combirations. The skiit vegisters have 12, 10,
a0l 5 stages. Each stage of the 12-stage register corresponds to 5
min and the f,utp.n ¢ the 12-siage ring ig one pulse per hour. Similarly,
cach stage »f the li-stage ring ceorresponds to 1l hr and each stage
of the S-Stage ring corresponds to 10 hr, 'When the £:ring time ’s
initially set in, each ring has one bit inserted into the proper core.
Readout of the time to go is accomplished by interrogation of the bit
cores by an RC discharge. The bit cores containing "ones' put out
a pulse that triggers a silicor contrclled rectifiez (SCR), which
latches on and lights a corresponding miniature bulb. Feedback from
the iamp circuit puts the "one” back into the proper bit core, thus
glving "nendaatractive’ readout.

Waen the sst-in iime »53 exnirad, th2 10-hr ring =mits 2 pulse
t;:at feeds baak intd tue S-min safoty circuit, and if chis pulse occurs
after 5 min. the {iring circuit is pulsed. The firiag circuit 1s a silicon
controlled recizuer capable of delivering 2 amp at 6 v.

2. OSCILLATOR DESIGN

A 100.1-cps unijunction transistor ascillator {ref l) was chosen
as the tim< base., The low frequency was dictated by power censidera-
tion. A survev of low-frequency oscillator types indicated that an
oscillator built around a unijunction transistor coul Lz designed into

1in, 3, have a ireque..cy in the 160-cps rang., and be made stabie to
better than *l percent over the temperc.cre and voltage range (ref 2).

Two 100.1-cps oscillatars were built. The firat was within #0.5
percent over the ternprrature and voltage range. The secona was
within £G. 25 peyvent. The temperature range waa -58C to +75C and
the voltage range wae 10. 3 v down to 8.4 v. At 10.8 v the cscillawcr
reguired 18 ma, and at¢ ¥, 1 17 took il mWa.

The osciilator is rmznjposed of thiee seclions: a voltage rexulitor,
a ti.ne base dete r iniay tect’or, and a bui’er aiaplifier secthion (fig. 2).
The voltage reg.

at
minature lamps, 1iv276%

(.

- ossd nl 2 coathe Tagulator L 2
31 Liosca N e \_ucu. SE A':ghiatﬁa. (Ru, [
Al , 1IN

5
«& & fine requiator 'R5, 42

R5 and R5 a.e determinad as {ollows:

fa} With .5 ma going through the IN827, the voltuge across tie
IN©27 is reco ~Jec t *he neazest 0,0 v,
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(b) With 3 ma going through the IN2765, the voliage acrose the
IN2765 is recorded t> the nearest 0,01 v,

() p . N2765 - INgzy
5 3. 0075

(d) Ry is determined Ly adjustmeat uatil the voltags across the
INZ765 equals VlN 76 with 3.4 v across the network, T, .3 usea for
filtering since the %H‘nsc base section reguiies differeut levels of Aur-

g guiies
reut during a cycle. The seven miriature laraps ar+ nscd to reduce
the current consumption of the reguiator ai the upper vultage limit,
since the resistance rf the lamps increas<s witl; an increise in cur-
rent. The lamps also aid in stabilizatioa since ary increase in carrent
also means a change of voltage level of the Zener diode,

Al xAR = AV,

wheve A R is the dynamic impedance of the Zener. Use of the lauips
compared with a2 fixed resistor decreascs the voltage spread acrose
the IN327 by a factor of two.

Typical performance data of the regulator arc given:

T;scr:r;p ind Vcou rse " Vfinec Imad
{vi {v} (v) (ma;

-55 3.4 6.83 6.285 12,5
-55 10. 8 t.85 6.30 18.5
30 8.4 6.83 6.29 11.0
30 10,8 6,93 6.31 17.9
5 8.4 6.83 5.29 10.7
75 10 ¢ 0.94 6. 31 17.0
a Vin is the voltape across the regulator.

b Voourse is the voltage across the IN276¢5.

c

Vﬁnr: is the voltage across the 1N827; this voltage ‘¢ the voltage

5 across iiie (ime base portion of the oscillator.

. is the current drawn oy the regularor and the time base section
onlv,
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The time base delermiuning section is composed of an £N489
unijunction transistor, a resistance-canacitor combination (Rm, three

patentiometers, 1 thermistor, and C3); two S320G stabistore; and P‘Z

the output resister., The oscillator is basically a rezlaration-type de-
vice. Voltage bnilds up across C3 to the triggering point of the 2N489,

C; 1s then dircharged into R,. The stabistors are used to change the

triggering point temperature characteristics of the unijuncticn tran-
sistor {fig. 3). The two-stabistcs curve was determined best ‘or the
overa.l vscillator since it allowed compensation of the resistance in
ne resistance-capacitor netwerk wita a thermistor. f'3 is a poly~

styrene capacitor with excellent stability and a linea: temperature
coetficient of -120 ppm. Rlo is a wire-wound resistor,

The entire oscillator, except the thiree potentiomneters and the
thermisior, was subjected to temperaturs cycling, and at i0 C intervale
the value of resistance needed tuv make the cscillator frequengy 100,1
cps was determined. This vilue was to be matched by the netwerk »f
the three potentiometers and the thermistor. Alsc, the resistancegof
a number of thermistors werc determined as functions of temperature.
Proper valuves of the three potentiometerswere deterrained bty means
of an IBM704 computer. (Gee referznce 3 {or a summary of the program.;
Thy anformation furnished the compuier was a table of resistance-~
versus-temperature readings for tne oscillatcr to be exactly on {re-
quency, and a table of resistances versus temperature for several
differ:znt therinisiors. The computer then used this information to
determine the best settings of the three pctentiometers and the best
thermistor to be uzad to give the sinallest percentage of deviation over
the temperature range. The three potentiumeters are wire wound with
temperature coefficients of 0 £ 10 ppm. Ia addition, the computer
prodicled ihe ¢iror ot e2ach temperature after cor:pensation., The
maximum error predicted was %0.1 percent. Actual results, however,
were 0,25 percent and =0, 3 percem {appenaix Aj, These discrep-
ancies are atiributed to the inaccuracy of the initial resistance readings.
It is believed that the 0.1 percent cou:d be obtained with a more accu-
rate resistance snbstitution box (0.1 percent of its highest reading),
Since R, is at least 80 percent of R{Ris composed of thethre= poten~
tiometers and the thermistors; R, is in the termperature chamber)
and the peried is propertional to the (R;, tR)C, pr<)du<.t, then having
data for R to % 0.1 percent iz esquivalentto ad_)"stmg the frequency
accurately to 0,62 percent., With data this accurate, it would be ex-
pected that the oscillator could be made accurate to + 0,1 percent or

better.

The output waveiform atross R, is seen in figure 4. Since the
output veltage and wave shap~ was not optimum to trigger the core
driver, a buf‘er ampiiiier had to be used.

The buffer is a two-stage
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Figure 3, Resistance required to make oscillator frequency 100,1 cps
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RC coupled amplifier with the first stage biased on. The forward
bias is required since the ocutput of the oscillator is not enough to
overcome the base-to-emitter voitage ofi the 2N78A at low temper-
atures. R9 is used to provide the bias, and it is selected as follows:

{a) At room temperature with R, left out and with 9, 6 v applied
to ths osciliator the total current dra%vn by the oscillator is determined.

(b) A resistance box is substituted for R, and the resistance is
changed until the current increases by 0.5 ma? + 10 percent. This
resistance value is used for R9.

Nine such buffers were built and in ail cases R9 wae 56 kohms.
Zowever, other lots of 2ZN78A transistors with ditfferent gains may
require different values of R,. An alternate method that can be used

7

is to have a fixed R9 and to specify the gain of the ZN78A,

The output waveform to the core driver is a square pulse :luse
to B+ in value and between 10 to 12 nsec in width., The current drawn
by the buffer stage is essentially the 0,5-ma bias current.

3. COKE DRIVERS

The core diode shift registers described in section 4 are of the
twn-core per bit varicty., These shift registers are driven by two
su:zcessive current pulses, and ihus the driver requirement is to
previde two sequential current pulses on separate lines about 30 usec
wide at approximately 400 ma. This requirement is accomplished by
having the oscillator pulses trigger = blocking oscillator whose pulse
width is 30 usec. This pulse then is fed to ZN634A amplifiers that
supply the current pulses to the cores {fig. 5)¢ The second current
pulse is generated by having 2 differentiating network across the 2N634A
that puts out a positive pulse when the current pulce of the 2N634A
shuts off. This positive pulse triggers another blocking oscillator
that drives a second 2N634A, and thus gives the second current pulse.
The 18-kohm resistor and the 0,22- uf capacitor in the base circuit of
the 2N495 determine the blocking oscillator pulse width, The charging
of the capacitor causes shuioff. The RC discharge of the 0.22- uf
capacitor into the 18-kohm resistor holds the blocking oscillator off
for a long enough time so that it m.ay not be driven faster thar about
120 cps. This insures against carastrophic short times that could
occur if the oscillator frequency were suddenly increased. If the 18-
kohm and 0. 22-::{ combination is shorted out, the blocking oscillator
shutoff is accomplishked by saturating the core, and the pulse width is
slightly longer than before. The 22-uf capacitor is used to reduce the
peak current requirements from the battery. These pulses are con-
stant curreant pulses since the amplifiers arc never saturated (fig. 4).
The value of the current 1s 2djusted by choosing the proper value of R.
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The valve of R var:es s=ince the gain differs {rom transistor to transistor.
Figure 6 shows the driver used for the 30,030 divider. Two amplifiers
are required for e¢zch culse, since the resistance of the number of cores
that are required U- be switched at one time is too great for the voltage
used, A :1ngl: impiifrer would be driven into saturation and its con-
stant curreat function destroyed, Thus two amplifiers are used in
pzrallel, cack sperating unsaturated. The adjusted value of R is such
sha¢ with 11 v on the dr.ver, at room temperature, the current is

adjusted to 425 ma. Values of R greater than 200 ohms are not used
sincc they would cause high leakage of the amplifier at high temperature.
If adjustmernt shows that the required R is greater than 200 ohms, the
resistor from the collector of the 2N495 to the base of the 2N634A may
be reduced slightly but not enough to load the blocking oscillator. If

no stch compremise can be made the transistor is replaced with one
having a higher ygzin, Here, again, a2djustment may be eliminated by
rigid specificitions of the CN634A,

The four current puises that drave the 30, 030 divider are adjusted
to within £2 percent of each other. The drivers used for the three
serial shift registers d» not require clnse matching and are adjusted
to 425 ma *10 pcrcent. Vartations in the value of the battery voltage
cause ccrresponding varistions in the current pulses. With the drivers
set by the preceding prucadu=¢, the timer will work over battery
veoltage vi: i *ions 0f 1} vt ¥, 1 v, Greater range would be achieved
with the ircorporation «f 2 Zener diode and 2 resistor in the blocking
escillator circuite with ne aaddatl-ral power losses, It should be noted
that the $irst driver hrsz 3 duwy cycle of less than 0,5 percent and sub-

sequent drivers 1ave much smaller duly cycles.

4. THE S!NGLE-DIODE LOOP AND THE SHIFT REGISTER

The magretic cores used as the basic element of the shift registers
are 4-79 molybdenum permalloy *2pe«wound cores. This material was
chosern becicse its m-gnetu: properties change very little with temper-~
ature. The cores have a hysteresis loop similar to the one in figure 7,
The 2bezicsa rorresnords to drive in ampere {urns while the ordinate
is flux im maxweil:, The same type of core’was used in all the shift
registers, The rnres are driven «o as te be either in the "one' state
or in the "zern state. Figure 7 presents a Rummary of the polarity
convertions used thrrughnut this paper,

Figure 8 shows 1 single-ciade loop. The single-diode loop is the
basic ¢ircult elernsrt used .0 al! the shitt registers and the AND cir-
cuits, Iinformsuoss - trarsierred irom core to core as outlined below.
Assume core A s in the "one' state and core B is in the '"zero" state.
Drive current at t;me Tl flows through coil No of core A and drives

core A toward the " +e¢va” state. A voltage is induced in winding N, of

cove A, causing . v+t ta tlow through coil N, on core B. This cur~
rent drives «ore F tiwazrd the "one” state. Information is switched
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out of core B to the followirg core by a similar sequence. Drivs puise
T2

state. Winding N1 on core B (not shown) allows current to flow to the

flows through coil No of eore B and drives it toward the "zero"

next loop. However, it is noticed that winding N, on core B alse

induces a voltage, causing current to flow back toward core A. This
current, however, is low because the number of turns on coil N.

is smaller than the number of turas on coil Nl’ ard thus a lower

: o voltage is induced than that in the forward direction, The voltage
<N dron across the diode also reduces this back current, so that core A
“\] w:ll not switch., The worst case design procedure used for these
Tl loops is developed in reference 3. Figure 8 shows the wirihg of a
o 2-stage shiit register. Assuming core l is in the ""one" state and
o] cores 2, 3, and 4 are ip the "'zero" states and assuming an output is
s taken aciross coil N1 of core 4, the sequence is as ifoilows:

Oscillator Pulse No, Drive Pulse Location of Bit Location of Bit
A Before Drive After Drive
S Core No. Core No.

O - Before Oscil-

lator Starts - 1 i

2

1 T1 1 2

T, 2 2

T, 4 Output 1

AR 3 T 1 2
W '° 1

. T, 2 3

?.»,
N 4 'I‘1 3 4
T, 4 Output 1

Division by two is accomplished. By adding additional stages,
division by higher integers is possible, Iun the 30, 038 section, feur

o shift registers of 1}, 13, 14, and 15 stages are used., In tha time scttatle
b ring counter secction, three shift registers of 12, 10 and 6 stages are
used.

-

on




5. THE 3%, 030 DIVIDER

Division by the 20, 030 divider (fig. 9 and 10) is acccmpiished by . e
combining witiy ANTs circuits the output of four shift registers having T,
il, 13, 14 and 15 stages. These numbers are relatively prima to one
another and thus only once every li x 13 x 14 x 15 (30, £30) times is
there simultaneous output from the output cores of these slift regis-
ters. Since the cscillutor frequency is 100.1 cps, the output frequency
of tlie divider is one pvlse every 5 min.

The AND function is accomplished in three steps. First, the 1ll-
and 13-stage outputs are combined so that core ANl bas an output once .
every 143 clock pulses. Seccond, the 14- ard 15-stay cutputs are com- ,
bined so that core ANZ has an output once every 210 clock pulses. Third, a
the outputs of cores ANl a=1 ANZ are combined in cnre AN3 which gives
one output pulse for every 30, 030 input clock pulses.

The AND operation is as follows: Each of the cores A22, BZé, C28, )
P30 of ring counterz A, R, (%, and I} not oniy drive the following core LS
in its >wn riang, but each drives in addition core ANL or ANZ. All these
inputs tend to drive ANl and ANZ toward thc "one" state. Cores ANIA
and ANZB tend to drive cores ANl and AN2, respectively, toward the A
“zery't state with each clock pulse. Consider ANL. If both A22 and JE
B26 dv not shift a ""one" intv ANl, ANI does not go into ike "ong' state. -l
If either A22 or B24 tries to shift a *"one'" into ANl core, the drive of
ANiAS bucks it out equally. However, if both A22 and B26 drive ANL )
toward the "cone' state it will go into the 'one" state gince cors ANIA .
can cnly buck out one of the inputs. Similarly, core ANZB iries to
buck inputs by C28 a2nd D30 into core AN2, For bucking action to be
comp.ete the pulses must match in amplitude and duration. To do this
the drive currents Tl, TiA and TZ’ 'L‘ZA are set as close as possibie -

as described in section 3. In addition, core ANlA is made to drive .o
idler core ANIB and core ANZ2B is made to drive idler core ANZA. ‘9.
These iwo idler cores match the shift register cores that are driven

vy A22, B25, ©28, and D30. Similar AND operation is azcomplished

in core AN3 where the input cores ANl and AN2 are being bucked out a
by core AN3A, o

The output of AN2? is one pulse every 5 min. This output is used
to put a ""one' into the AN3B and the "5-min'' cores. The purpose of
the "“5-min'" core is explained in section 8. This core is initiaily set
in the "zero" state and gets driven toward the '"one' state after 5 min.
The purpose ot core AN3IB 18 also explained i the section 8. Core . <
AN33 is initially set in the "one' state and gives out an output on the
first clock pulse. Figures il and 12 show oscillugraphs of the waveforms
at periinent points.
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6. THE MONITOR CIRCUIT

The basic purpose of the monitor circuit is to be able to have a
visible indication that the timer is operating when it is in the ON posi-
\ tion. It also serves as a rough indication of the timing accuracy. The
circuit is basically a one-shot multivibrator. Its input is derived from
the output of core ANl, It thus is pulsed about once every l.43 sec.
It is so designed that the lamp is pulsed off. The input of 260 ohms
is required so that the AND circuit will not be loaded down (fig. 13).
The diode limits current from flowing back into the AND circuit. The
input 2ZN703 is pulsed on and the other two 2N703's then utop conduci~
ing and the lamp is extinguished. The cff time is controlled by the
2.2-pf condenser and the 220-kohm resistor. Since the 220-kohm
resistor also limits the base current intv the middle 2N703, it thus
concrols the maximum collector current. Due to the long shutoff time
required, the high value of 220 kohms was needed. The last 2N703
is used as an amplificr to supply the 30-ma I required for the lamp.
The 4700-ohm resistorsg connected, to the baaf:'of’the ZN703 gre used
for regeneration, The monitor circuit indicates operation of the oscil-
lator, the first drive, the ll- and 13-stage shift registers, and part
of the AND circuit.

7. THE THREE SERJAL SETTABLE COUNTERS

Figure 14 shows the three serial settable shift registers. Each
shift register contains one '"one" in it. The output of the 30, 030
divider pulses the E driver that supplies the shift pulses for the 12-
stage shift register., The "one" in this register moves from stage to
stage in 5-min steps. The output of this shift register pulses the F
driver that supplies the shift pulses for the 10-stage shift register.
Here the shifting takes place once every hour. The output of this
register pulses the G driver that supplies the shift pulses for the 5-
stage register, Here the shifting takes place once every 10 hr, The
output of the 5-stage shift register is the faring signal, This pulse is
fed back into the *'5-min" core of the 30, 030 divider. The purpose
of this i3 clarified in section 8. The 5-stage shift register is not a
complete ring, as were all the other shift registers, since this shift
register supplies the {iring pulse and no further counting is required
after this time.

8. THE CLEAR AND SET, KICKDOWN, AND FIVE-MINUTE SAFETV

The clearing and setting of all the bistable magnetic cores are
done at once. The mechanism for setting a core irto a desired state
is simply to pulse the core with a high-current pulse., The desired
state is achieved by using the conventions outlined in figure 7. An RC
discharge is run through the single turn winding connecting all the
cores.

25
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To set the desired function time, three cores in the three serial
settable shift registers must be set. One "one' must be put in each
register. The principle used is illustrated in figure 15, Jt is seen
that the clear winding tends to drive all the cores in these three regis-
ters toward the "zero" state. However, through the three time-setting
switches the cores chosen to be set have their two-turn set windings
placed in series with the clear winding. Thus, exch selected core has
one net turn driving it toward the ""one" state. This method hae the
advantage of combining the clearing and setting into one operziior and
insures that only one combination of three ""ones’ is get iato.the:
registers. It should be noted that the clear winding puts tle '"one"
into the 11-, 13-, 14-, and 15-stage registers of the 30, 030 divider in
the third stage. This is because it takes two clock pulses to perform
the AND operation and, if the registers were set in the first stage,
the first 5-min pulse would arrive two clock pulses or 0.02 sec late.

Each stage of the three settable shift registers is labeled according
to its time set function, thus the 12-stage register has its stages labeled
as follows: 55 50 45 40 35 30 25 201510 5 0, where the "one" is
shifted from the 55-min core toward the U core. When the 0 core is
shifted the ""one'" is returned back to the 55-min core, the carry takes
place, and the hour shift register is pulsed one step. The hours regis-
ter has its cores labeled 9 8 7 6 5 4 3 2 Q. It, too, carries
when the shift takes place from 0 hr to 9 hn. The 10-hr shiit register
has its cores labeled 40 30 20 10 00. The firing signal takes place
when the 00 core has its ''one' shifted out.

Assume that the cores were set so that a "one' was placed in the
00-hr core, the O-hr-core, and the 5-min core. Thus the expected
firing time is 5- min. When the function switch is turned from the
SE7 position to the READ position, 'the lamps corresponding to these
cores light (the mechanism for readout is clarified in the section 10},
indicating that the firing time is 5 min and verifying the set in fime.
When the function switch is turned to the ON position, the timing
starts since the oscillator is connected into the circuit. The first
oscillator pulse trips shift puise TIA’ which is used to drive the AND

circuit and core AN3B, Core AN3B was cleared to the ""one" state
and upon receiving TIA puts a pulse intec the input of the three serial

settable shift registers. This is called the kickdown pulse. The sgerial
registers now have received their first 5-min pulse but at zero time.
This moves the setting 10 00 ten hours, 0 hr, and 0 min. However,

a0 fiving pulsc is giveu oui uniii 5 min later when aii three registers
carry and the 00 ten-hours core is shifted out. The purposc of this
sequence is so that when the device is read cut for the time remaining,

it will read out a minimum time. For example, if the counter is set

for 23 hr and 20 min and turned ON and then turned to the READ posi-
tion 17 min later, the time remaining to fire would read 23 hr and 0 min.
This indicates a rainimum time to fire ¢f 23 hr and 0 min and a maximum
time of 23 hr and 5 min.
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The 5-min safety feature does not allow functioning if the timer
is set for operation at zero timc. This is accomplisiied by taking the
firing pulse from the ten-hours register and using it to drive the
"5.min"” core toward the '"zero" state. The "5-min' core is initially
cleared iniv the "'zexo" state. Core AN3 drives the "5-min" core
into the "one' state at five minutes. Thus, if the firing signal comes
at or after 5 min the "5-min" core gives out a pulse, Now if the timer
is set for 0 time and turned ON, the kickdown pulse immediately has
the 00-core shift and drives the "5-mird'core toward the "zero" state.
Since AN3 has nct put a "one' into the "*5-min" core, the **S5-min"
core does not give out an output.

Since the ten~-hours register is not a closed register, it will never
give out another pulse and thus the timer will not fire unless reset,
The output of the "5-min" core delivers the triggering pulse to the
firing circuit,

9. FIRING CIRCUIT

The firing circuit in designed around a 2N1595 silicon controlled
rectifier (fig. 16). One side of the output is grounded and the other
side is connected to the cathode of the SCR. The l«kohm resistor
between the gate and cathode prevents the SCR from spontaneous turn-
on when the B+ chargeisapplied Particular care must be taken to be
certain that this resistor is connected into the circuit and that it is not
open. Upon receiving the firing signal from the "5-min" core, the SCR
latches on and delivers continuous current to the output load until the
output load opens when it activates. The output load is connected to
the OUTPUT terminals on the prototype.

10. READOUT

Figure 17 illustrates the''nondestructive" readout principle used.
When the function switch is in the read position all the diode loops
are open and B+ is applied to the SCR's and the RC interrogate line,
This pulse tends to drive all the bit cores toward the "zero" state,
Asgsume core 1 contains a '"one" and core 3 contains a "zeroc.' Upon
interrogation, core l puts out a positive pulse and core 3 puts out a
low-noise pulse. Point A goes positive and turns on its corresponding
SCR. The signal at point B is well below the threshhold value for its
corresponding SCR and it does not turn on. The lamp corresponding
to core 1 turns on. Current flows through the SCR and is high enough
so the SCK can laich o, Currcnt from the cathode flows through the
return winding to ground. This winding is irn the direction to return
a '"one” back into core 1. Thus the core has been read out and the
information returned to the core. Cecre 3 remains in its original
"zero' state. When the function switch is turned to the ON cosition,
the B+ is no longer on the SCR's and the lamps extinguish. The loops
are closed and the shift registers are restored. The readout opera-
tion may be done any number of times.
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1. POWER SUPPLY i

The power supply chosen was a six-cell silver oxide~-zine type P R
battery. The cells are manufactur=d by the Eagle-Picher Corpora- A
tion No. 2495 low-rate series A cells. They have 2 nominal voltage N e
of 1.55 v. They may be recharged about five times. To recharge, N e
the cells are discharged down to a cell voltage ¢f 1. 20 v and then o e g
charged at 0.5 amp until the cell voltage is raised to 2.6 v. Under .
ne ciccumstances should the charyging voltage be allowed to exceed e
2.1 v, ¢ 4 20-ma drain, thz current drawn by the entire timer, the D 4 .
~ells have a room temperature life of 160 hr. Below -30C the life . o
of the c:lls drops off drastically botn in ampere~-hour capacity and
and in cell woltage. At the present time this type of ccil has the o
highest energy per unit volume of any ccll commercially available, . o
T... power supply still remains a problem. No intensive effort was ' C
l made to investigate hatteries under the interpretation of the scope of ,

work. An independeni effort is to be made., However, from the cut- A
s=t it was realized that the power supply would be a problem and every
effort was made to alleviate the difficulty by using low-energy cir- : ’
cuits. All temperature tests of the timers were made with the power S .
supply exizrnal to the temperature chamber. It should be noted that o .
DOFL has made significant advances with this type of cell and the ex-
pectation is that performance v/ill be extended down to -55C, .

12. FUNCTION SWITCH

The function switch is a neauhorting, two-deck switch, Each deck
has three poles and four positions. Five of the aix poles are used g
(fig. 18). The [our positions are OFF, SET, READ, and ON. The N
switch performs the following functions:
Position A
; Pole OrF SET READ ON '

A Osciliator ovtput Oscillator vutput Oscillator Oscillator I
grounded grounded output connected o L
| . grousnded to driver
! R Firing ~irecuit Firing circuit Firing cir- B+to firing - AU
B+ tead grounded B+ lead grounded cuit B+ lead cireuit A
rounded
€ OUTPUTterminals OUTPUT teceminak OULPUT ~ QUIFUT
shorted shurted terminals terminals
sherted in firing
. circust
. D~ Battery may be B+ to SET FHlointecrre- B+ fo monitor, BN
chargad at gate and read- Gscillator, S
BATTERY termi- out lamps and drivers ]
nals
S Scttable <hifVTT 7T oops open,  iso0ps open,  isaops closod,
register 10o0p: readout ground  readost ground readnut
opuen, readoui apen eloscd ground opay
frouud open
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Pcle A is modified so that when going between READ to ON, it
closes last and opeus first in relation to poles B, @, D, and E. The
purpose of this is to retain the bits in the timer. For example, if
the loops were open and the occillator vulsed the drivers, the bits
would be lost, Bits could alsc be lost if the oscillator pulsed the
driver before the 22~ ,f capacitor in the driver charged up. With
the oscillator connected last and broken first, these modes of losing
bits are climiaated. It should be noted that the first pulse out of the
osciliator takea place about 0.9t sec after the applications of B+ to
the oscillator,

13, EVALUATION

The circuits used in the timer were temperature tested individu-
ally und when assembled together. Individually all circuits worked
cover the temperature range except the readout circuit. The readout
civcuit did not work belowyC . The reason was traced to the sensitiv-
ity of the 2Ni595 SCR. Examination showed that the majority of these
units did not meet the manufacturer’s specifications for sensitivity.
Further inquiry disclosed that Solid State Products could supply an
SCR in one-fifth the volume of the ZN1595, Specifications of the SCR
for the readout circuit were set up with Solid State Products and the
sampiles supplied easily met the requirements for the readout circuit.
The SCR!'s (No,3Dl017) having the desired specifications can be pur-
chased from Solid State Praducta, Because of lack of time, these
SCR's were not used in the prototypes,

Lfter assembly and at about -20C the monitcr circuit would not
blink, although the timer continued to count. This was traced to the
input signal to the menitor. As the temperature dropped, the gain of
the 2ZN704 transistors dropped slightly and the moniter circuit became
less sensitive. The input signal was Jow by about 0.5 v to trigger it.
The input diode was replaced by a 0.1-pf capacitor in the breadboard
and the unit worked. A better solution ig thought to be either to in-
crease the bias on the input 2N703, or to use a separate winding with
more turns on core ANl, or to use the pulse when the ""one" is going
into the ANl rather than when it is being transferred out. Possibly a
cornbination of the above would be the most reliable solution. Since
the replacement of the diode with a capacitor was not thought to give
enough margin for reliable operation and since the other schemes were
noct completely investigated, the prototypes were ieft with the diodes
intact.

The temperature range over which the unit was tested was -55C
to +75C. The power supply was varied from 8.4 to 10,8 v for all
temperature tests,




14, CONCLUSIONS AND RECOMMENDATIONS

‘T'his study has shown that it is feasiblc to meet the specifications
for the timer and that the task is well within the state of the electronic
art. The following recommendations are niade if further investiga-
tion is to follow,

{a) Consider the use of the miniature tuning fork oscillator similar
to the one manufactured by the Bulova Watch Company. Temperature
cycling of the oscillator has shown its accuracy to be more than 0,1
vercent, Its power consumption is extremely low and could c'it the
total current requirement of tne timer from 20 ma to about 5 ma.

{b) Add Zener diode control to the drivers as described in section
3.This would allow the timer to work over a greater voltage variation
aud relax the battery requirement.

(c) Replace the transistors in the driver with smaller transistors
of equal or better characteristics.

(d) Examine the use of voltage drive for the shift registers.

(e) Design a coincident current and a transistor AND circuit and
evaluatc them in comparison with the present AND circuit,

(f) Incorporate the design changes for the monitor outlined in
section 6.

(g) Use the 3D1017 SCR in the readout circuit,

{h) Eliminate the separrte set winding and use the tl ree-turn
loop winding for this function.

(i) Assemble the magnei.c cores on their sides instead of on
their ends and use 100 percer* printed circuitry for the shift registers.
Small pilot shift registers have been made using this technique and
this type of register has proved highly advantageous over the original
packaging technique.

(j) The set switches and the readout lamps should be integral
with the printed circuit board containing the three secttable shift regis-
ters. This is to minimize the number of interconnections between
assemblies,




APPENDIX A

PERFORMANCE CHARACTERISTICS

Table Al. Unijunction Transistor Osciliator Performance
Characteristics

Temperature Oscillatog Neo. 1 Oscillator Mo, 2
(°c) (sec) {=ec)

+75 . 010010 . 010010
+65 . 010013 . 010013
+55 . 010011 . 010011
+45 . 010005 . 010011
+35 . 009998 . 010006
+25 . 009989 . 01005+
+15 . 009977 . 009991
+5 . 0095068 . 009984
~5 . 009965 . 009974
. 009970 . 009972
. 009983 . 009971
. 009997 . 009978
. 009994 . 009998
. 0099620 . 010017

2 See figure Al.

b Target period 0. 009990 sec
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2, QOPERATING INSTRUCTIONS

(a) With the function switch in the OFF position, set the desired
func'ion time,

(b} Turn the function switch to SET and then to READ.

{c) Verify :he set in function time againsi ithe read time.

{(d) Turn the functicn switch to ON.

(e} Check timer operation by pressing the monitor button. If
. the timer is counting, the monitor light should blink on and off con~

“ tinuously as long as the monitor button is pressed.
‘(f) The time remaining to fire may be read out by moving the
; function switch to READ. Timer operation is resumed when the
° function switch is turned to ON,
- (g) To reset, turn function switch to OFF ana repeat steps (1)
through (6).
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